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Disclaimer

The CEC and its contractor, Southern California Gas Company and subcontractor E3M Inc. has
made reasonable efforts to ensure all information is correct. However, neither The CEC’s,
Southern California Gas Company’s or E3M Inc.’s publication nor verbal representations thereof
constitutes any statement, recommendation, endorsement, approval or guaranty (either express or
implied) of any product or service. Moreover, The CEC, Southern California Gas Company, or
E3M Inc. shall not be responsible for errors or omissions in this publication, for claims or
damages relating to the use thereof, even if it has been advised of the possibility of such
damages.

Executive Summary

This calculator tool can be used to estimate annual energy savings and the associated money (US
dollars) savings and reductions in CO, emissions through the reduction or minimization of boiler
blowdown water via appropriate sensors and control for steam drum water quality. Minimizing
blowdown rate can substantially reduce energy losses by reducing the hot blow down liquid sent
to the sewer. Minimizing blowdown will also reduce makeup water and chemical treatment
costs.

As water evaporates in the boiler steam drum, solids present in the feed water are left behind.
The suspended solids form sludge or sediments in the boiler, which degrades heat transfer.
Dissolved solids promote foaming and carryover of boiler water into the steam. To reduce the
levels of suspended and total dissolved solids (TDS) to acceptable limits, water is periodically
discharged or blown down from the boiler. Mud or bottom blowdown is usually a manual
procedure done for a few seconds on intervals of several hours and is designed to remove
suspended solids that settle out of the boiler water and form a heavy sludge. Surface or skimming
blowdown is designed to remove the dissolved solids that concentrate near the liquid surface.
Surface blowdown is often a continuous process.

Insufficient blowdown may lead to carryover of boiler water into the steam, or the formation of
deposits. Excessive blowdown will waste energy, water, and chemicals. The optimum blowdown
rate is determined by various factors including the boiler type, operating pressure, water
treatment, and quality of makeup water. Blowdown rates typically range from 4% to 8% of
boiler feed water flow rate, but can be as high as 10% when makeup water has a high solids
content.

This tool allows the user to calculate energy saving associated with reducing or minimizing
boiler blow down water.
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Exhibit 1: Typical boiler blowdown control system

The calculator estimates the annual energy savings in terms of million British Thermal Units
(MMBtu/year) andestimates the energy cost savings using the cost of fuel for the industrial
application and number of operating hours per year. This calculator also gives the reduction of
CO, emissions that result from the combustion of natural gas.

The user is required to give data for several operating parameters that can be measured or
estimated during the normal operating conditions or from available records. Measurements used
for the calculations should be performed during typical or average operating conditions.

The primary objective of this calculator is to promote energy savings in industrial heating
operations, and to allow users to calculate potential savings. The calculator’s results should be
considered preliminary and a starting point for more detailed technical and economic analysis.
The results are to be used as a basis for a go / no go decision for further analysis. The accuracy
of the calculator’s results is expected to be within plus or minus 5 percent.

Note to the user of this calculator tool

Use of this tool requires knowledge and operation of boilers. The user is referred to several
training programs and references quoted at the end of his document for further information on
the available resources for getting trainings that would provide additional knowledge for the
subject matters discussed in this document.
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1. Description of the subject area

This technical guide describes a calculator tool that will allow a user to estimate annual energy
(fuel) savings, reductions in CO, emissions, reduction in water use, and energy cost savings
($/year) by installing monitoring and control technologies to reduce the amount of boiler blow
down water. Controlled release of blow down water to replace continuous blow down can result
in substantial savings in energy use for the boiler and in use of boiler make up water, resulting in
reduction in boiler operating cost.

Steam generation in boiler requires feed water that is often composed of a mixture of returned
condensate and treated make up water. Even with significant water treatment, a small amount of
dissolved solids (TDS) are contained in the feed water. These TDSs can accumulate within
boiler when water is evaporated to generate steam. To reduce the amount of dissolved solids in
the boiler and prevent deposits from forming, it is common practice to discharge or release a
small amount of water from the steam drum.. Many boilers allow for a continuous water
discharge of water. The rate of water blowdown can range from less than 1% when extremely
high-quality feed water is available to greater than 20% in a system with poor-quality feed water.
This water contains substantial percentage of total heat input for the boiler. In many cases, the
blown down water is sent to the sewer, resulting in waste of energy and water resource.

One of the various methods to reduce energy and water use is to control the blow down rate to
maintain a safe level of TDS in the boiler. Using a conductivity sensor attached to the boiler, the
TDS can be constantly monitored. A commonly used blowdown control system is shown in
Exhibit 2. For additional information, see Reference 1.
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ﬂ & || Blowdown controller
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Exhibit 2: Components of a boiler blowdown or water quality control system
(Courtesy — Spirax Sarco)

In a blowdown control system (similar to Exhibit 2), a conductivity probe is used to monitor
conductivity of water inside the boiler drum. The signal from this probe is used to control the
amount of blow down water discharged from the drum to maintain the desired TDS level within
the boiler. Information on the allowable or desired amount of TDS should be obtained for the
boiler supplier, water treatment system supplier, and/or steam industry experts available at
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several reputable companies. Once again, refer to Reference 1 for information from one of the
well known suppliers.

A controlled rate of blow down water reduces boiler water discharge and offers associated
savings. This calculator is most effective when the blow down rate (current and expected) and
boiler operating conditions are known.

This calculator estimates the annual expected energy savings in terms of million British thermal
units (MMBtu/year) and estimates the energy cost reduction using the given cost of fuel for the
oven and the number of operating hours per year. This calculator also gives the reduction in
water use and CO, emissions that result from application of the suggested energy saving
measure.

A brief summary of the important parameters follows:

Steam evaporation rate: The rate of steam generation for the boiler or boiler system. Steam
flow rates can be determined using steam flow meters or other sources such as boiler
steam capacity and boiler loading.

Percent Reduction in boiler blow down rate — An estimated value based on current and
expected values of boiler blow down rate. This value can range anywhere from 1% to 8%
depending on current blow down rate, water quality etc. If the boiler blowdown rate is
unknown, it is suggested that a “sensitivity” analysis and/or contact a reputable control
equipment supplier. You may start with the water chemical supplier or the information
given in Reference 1.

Boiler operating conditions — Operating conditions of a typical boiler system include such
items as steam generation pressure (in psig), feed water temperature (°F), and makeup
water temperature (°F). This information can be obtained from the boiler records.

Boiler efficiency (%) — This value should be obtained from the boiler supplier, operating
manual, flue gas analysis, or estimate based on current operating conditions. Depending
on the boiler design and system operating conditions, this value can vary from 65% to
85% for most commonly used boilers.

Number of operating hours (hours/year) — This is the number of hours for which the
equipment is operated. This should be based on a recent 12-month period.

Cost of fuel — The average fuel cost ($/MM Btu) based on the historical consumption and, if
possible, future projected cost based on contracts with the energy supplier.

2. Impact of boiler blow down water reduction on energy savings and CO2
emissions

This calculator allows a user to estimate energy (fuel) savings that can be achieved by
controlling and reducing the rate of boiler water blow down. The fuel savings from
implementing this measure results in reduction of CO, emissions. All commonly used fossil
fuels such as natural gas (the most commonly used industrial fuel for California industries)
results in the formation of CO,. The reduction in CO, emissions is directly proportional to the
reduction in natural gas use. Additionally, a reduction in the amount of blowdown from a boiler
will result in reduction of water use and related cost savings.
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The energy savings from a blowdown reduction project can vary from 0.5% for well run boilers
to 1.5% in case where the water quality is not maintained properly. Annual energy cost savings
depends on the cost of energy, expressed as US dollars per MM Btu. The approximate value of
savings can be estimated by using this calculator.

The CO, savings are directly related to energy savings. According to U.S. Environmental
Protection Agency (EPA) estimates (Reference 5), the combustion of natural gas used in USA
produces 116.39 Ibs. of CO, per MM Btu heat input. For the sake of simplicity, most
calculations use 117 Ibs. CO;, emission per MM Btu heat input from natural gas. If the natural
gas composition is available for a facility, it is advisable to carry out detailed combustion
calculations to estimate a more accurate value for the CO, produced by the combustion of natural
gas. Reduction in CO, emissions is calculated by using the value of reduction in energy (fuel)
used for the furnace.

Water savings incurred are due to reduction in the boiler system feed water requirements. This
saving can result in savings in cost of water and cost of chemicals required to treat this water as
well as some savings in water pumping cost (usually too small to be considered for this
calculator).

3. Discussion on the technical approach and the calculations

Control of boiler blow down rate will result in energy savings while maintaining the desired
steam quality for the boiler. The annual energy savings (MM Btu/year) is the difference between
the annual energy use by the baseline system and the annual energy use by the boiler after the
implementation of this efficiency measure. In all cases involving boiler blow down reduction an
essential step is to measure the blow down water quantity before and after implementation of the
measure. The current value can be obtained by knowing steam production and boiler feed water
entering the boiler. In most cases, these values should be available from current instrumentation
or good estimate.

The main objective for this measure is to maintain steam quality while reducing energy and
water use. With uncontrolled or manual control of blowdown, it is difficult to determine the
concentration of dissolved solids in the boiler water and the optimal blowdown rate. Without
measurements, operators do not know when to blow down the boiler or for how long. Likewise,
using a fixed rate of blowdown does not take into account changes in makeup and feed water
conditions, or variations in steam demand or condensate return.

An automatically controlled blowdown system optimizes blowdown rates by regulating the
volume of water discharged in relation to the concentration of dissolved solids present within the
boiler. Automatic blowdown control systems maintain water chemistry within acceptable limits,
while minimizing blowdown and reducing energy losses.

There are several methods available to determine the appropriate amount of boiler blow down,
however the most commonly used method utilizes a conductivity probe to measure conductivity
of the boiler water and use that value to determine level of blow down required. Automatic
blowdown-control systems use high- or low-pressure probes are used to measure conductivity.
The conductivity probes provide feedback to a blowdown controller that compares the measured
conductivity with a set-point value and transmits an output signal that drives a modulating
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blowdown release valve. Conductivity is a measure of the electrical current carried by positive
and negative ions when a voltage is applied across electrodes in a water sample. Conductivity
increases when the dissolved ion concentrations increase. The measured current is directly
proportional to the specific conductivity of the fluid. Total dissolved solids, silica, chloride
concentrations, and/or alkalinity contribute to conductivity measurements. These chemical
species are reliable indicators of salts and other contaminants in the boiler water.

Boilers without blowdown or boilers with high blowdown rates offer significant energy savings
potential. The optimum blowdown rate is determined by a number of factors, including boiler
type, operating pressure, water treatment, and makeup-water quality. Energy savings also depend
upon the quantity of steam condensate returned to the boiler. With a low percentage of
condensate return, more makeup water is required and additional blowdown must occur. Boiler
blowdown rates often range from 1% to 8% of the feed water flow rate, but they can be as high
as 20% to maintain boiler water within conductivity limits when the makeup water has a high
solids content.

Energy savings resulting from boiler blow down control (and associated cost reductions) is due
to a reduction in the water flow from the boiler drum. The water that is blown down is at the
steam generation pressure and corresponding saturation temperature. The amount of heat
content depends on steam pressure since it is considered to be at saturation temperature. The
actual amount of energy reduction is the difference in heat content between the blow down water
(Btu/lb-hr.) and the feed water (Btu/lb—hr.) as it enters the boiler and amount of water (Ibs/hr)
reduction.

Heat content of water can be obtained from steam table that is included as Appendix 1 and can
also be obtained using a link in the calculator tool.

The amount of water reduction is calculated by knowing the current steam production and blow
down rate.

Reduction in heat required for the reduction in blow down water is calculated as follows.
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Where

Msteam = Steam production rate (average) - Lbs. per day

% Bwc = Boiler blow down in terms of % of steam production

Mswc = Current rate of boiler blow down - Lbs per day

AMp,, = Reduction in blow down water Ibs/day

A%B.yc = Percent reduction in blow down water.

AMp,, = Reduction in blow down water flow rate (Lbs. /year) A%Bwc*Mfwc
AHypy = Reduction in heat for blow down water (Million [MM] Btu/day)
Hpw = This is heat content of water at steam pressure — Btu/lb

Hsw = Heat content of feed water entering the boiler — Btu/Ib.

Nb = Boiler efficiency in %

The energy savings and associated CO, emission reduction are calculated for natural gas. Boiler
water related savings are calculated to account for cost of water and chemicals etc. used for
water treatment.

4. Instruction on use of the calculator

The following list summarizes the user inputs that are required. The user should collect this
information before using this calculator tool.

Company name, plant location and address

Customer name and contact information

Heating equipment description (where the energy-saving measure is applied)
Equipment type (furnace, oven, kiln, heater, boiler)

Equipment use (e.g., textile drying, aluminum melting, food processing)

Note that some of this information may be optional for the web-based calculators due to users’
concerns about privacy.

The following input data is required from the user.

Steam generation or evaporation (Ibs/day)

Current boiler blow down rate (% of steam production)

% Reduction in Boiler blow down rate (% of steam production)
Boiler Pressure (psig)

Makeup water temperature (°F)

Enthalpy of blow down water (Btu/lb)*

Enthalpy of makeup water at temperature (Btu/lb)*



Reduce Boiler Blowdown Water

o Boiler efficiency (%)
e No. of operating days per year (days/year)
e Cost of fuel ($/MM Btu)
e Cost of water and chemicals (for makeup water) - ($/gallon of water)
* Note: Obtain these values from Steam Tables.
The calculator gives following results.
e Current value of blowdown (Ib/day)
o Feed water (steam + blowdown) Ib/day
¢ Reduction in blow down water (Ib/day)
¢ Net heat addition in blow down water (Btu/Ib)
o Gross heat required for the water (Btu/Ib)
e Gross heat required for the water (Btu/Ib)
e Energy savings (MM Btu/year)
e Annual fuel cost savings ($ per year)
e Total cost savings ($/year)
e CO;savings (Tons/year)
e Water savings (Gallons/year)

Note that the CO, savings are based on natural gas as the fuel for the heating equipment. A
correction factor must be applied if any other fuel is used.

This calculator requires the following input parameters describing the heating process in order to
estimate the savings. Exhibit 3 shows the user information screen and Exhibit 4 shows the
calculator screen.

The first section requires information about the user, equipment, and process.
Line 1 — Name of the company.

Line 2 — Name or known designation such as “main plant” or “secondary plant” if
applicable.
Line 3 — Plant address.

Line 4 — Contact name for the plant — This individual is main contact and is responsible
for collecting and providing the required information.

Line 5 — Address for the contact person.

Line 6 — Contact phone number and e-mail to be used for all future communications.

Line 7 — Date when the calculations are carried out.
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1 Company name ABC Corporation

2 Plant name or designation LA Plant

3 Plant address 12345 Main Street, Gabriel, CA 90878

4 Contact name Bob Smith

5 Contact address 54321 First Street, North Warren, CA 90878

3 Contact phone number and e-mail Phone: |916-756-9923 E-mail: b smith@abeccorp com
7 Date {format mm/date/year) May 12, 2010

Heating equipment description {(where the energy saving measure is applied)

3 Equipment type {e.g. furnace, oven, kiln, heater, boiler) Drying oven

9 Equipment use {e.g., textile drying, aluminum melting) Metal coating

10 Other comments if any The oven is designed with a computer control system.

Exhibit 3: Required information for the calculator user

Line 8 — Type of heating equipment — This can be an oven, furnace, boiler, heater, etc.
This is the heating equipment where data is collected and the given energy
saving measure is to be applied.

Line 9 — Process or function for which the heating equipment is used — This can be name
of the process such as drying, melting, water heating, etc.

Line 10 — Any additional information that can be useful in application of the results.

The second section of the calculator is used for collecting the necessary data and reporting the
estimated savings.

Exhibit 4 shows the required data for the calculator. The calculator cells are color coded. The
white color cells are used for data input by the user while the colored (yellow and light blue or
green) cells are protected and give results of the calculations. The user is not allowed change
numbers shown in the colored cells.

Line 11 — Steam production (Ibs/day) — Give value of average steam generation or
evaporation rate in terms of Ibs. of steam per day. This should represent
average value for operating days over a year or representative period.

Line 12 — % Reduction in boiler blow down rate — This is an estimated or calculated
value of reduction expressed as % of current steam production. Depending on
the current practices and water quality, this number could vary from 1% to 5%.
This information can be obtained from boiler supplier, water treatment
equipment supplier, steam system suppliers, or local sales representatives who
supply steam system components. If a good number is not available then carry
out several calculations using different values starting from 1% and increasing
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by an incremental value of %2 % or 1% to get values of possible savings.

Reduction of Blow Down Water

11 |Steam production {lb./day) 100,000
12 |% Reduction in Boiler blow down rate (% of steam production) 2%
14 |Feedwater {steam + blowdown) lb./day 102,041
15 |Boiler Pressure [psig) 600
16 |Feedwater Temperature {°F) 240
17 |Reduction in blow down water (lb./day) 2,041
18 |Enthalpy in blow down water at boiler pressure, hs (Btu/lb.) * from steam table 475
19 |Make up water temperature [°F) 60
20 |Enthalpy in make up water at temperature, h; (Btu/lb.)* from steam table 28
21 |Net heat addition in blow down water {Btu/lb.) 447
22 |Boiler efficiency 75%
23 |Gross heat reguired for the water (Btu/lb.) 596.0
24 |Total heat savings for the hoiler (MM Btu/day) 1.22
25 [MNo. of operating days per year (days/year) 360
26 |Energy savings (MM Btu/year) 438
27 |Cost of fuel {$/MM Btu) 5 7.00
28 |Annual fuel cost savings (% per year) 5 3,065
29 |Cost of water and chemicals for make up water ($/gallon of water) 5 0.0050
30 |Total cost savings (S/year) s 3,506
31 |Cost of implementation 5 500
32 |Payback period (months) 1.71
33 |CO2 savings {Tons/year) 26
34 |Water savings {Gallons/year) 88,093

Exhibit 4: Example of calculator inputs and results

Line 14 — Feed water (steam + blowdown) Ib/day — This is a calculated valuebased on

data given above.

Line 15 — Boiler pressure (psig). Use steam pressure in psig as it is discharged from the
boiler. In most cases this value should be available on a panel or gage in boiler

control room.

Line 16 — Feedwater temperature (°F) — The current temperature of feedwater water

entering the boiler.

Line 17 — Reduction in blow down water (Ib/day) — This is a calculated value based on

the data given above.
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Line 18 — Enthalpy of blow down water (Btu/lb) — This represents heat content or
enthalpy of blow down water. It is obtained from a steam table given as a link
within the calculator. The steam table is also given as Appendix 1 for the
Technical Guide. Make sure to use absolute pressure for looking up values
(absolute pressure [psia] = psig + 14.7) while looking up this value in a steam
table.

Line 19 — Makeup water temperature (°F) — The current temperature of makeup water
entering the steam system. This water is added to the boiler system to
compensate for loss of water that is discharged as makeup water.

Line 20 — Enthalpy of makeup water at temperature (Btu/lb.) — This represents heat
content (enthalpy) of makeup water as it enters the steam system. It is obtained
from a steam table given as a link within the calculator. The steam table is also
given as Appendix 1 for the Technical Guide. Make sure to use absolute
pressure for looking up values (absolute pressure [psia] = psig + 14.7) while
looking up this value in a steam table.

Line 21 — Net heat addition in blow down water (Btu/lb) — This is a calculated value
based on the data given above. It is the difference between Line 19 and Line 20
above.

Line 22 — Boiler efficiency (%) — Boiler efficiency can be calculated by using values of
energy input or fuel used in the boiler and total heat content of steam produced
in the boiler. If it is not possible to get this value, contact the boiler supplier,
review the boiler operating manual, or use name plate data. If none of this is
available then you may use nominal value of 70% for a boiler without an
economizer and 75% for a boiler with an economizer. Note that this is an
approximate value and should not be considered as final and accurate.

Line 23 — Gross heat required for the water (Btu/lb) — This is a calculated value based on
data given in lines 21 and 22 above.

Line 24 — Total heat savings for the boiler (MM Btu/day) — This a calculated value based
on data given in lines 23 and 18 above.

Line 25 — No. of operating days per year (days/year) — Give number of operating days per
year for the boiler.

Line 26 - Energy savings (MM Btu/year) — This is a calculated value based on data given
in lines 24 and 25 above.

Line 27 — Cost of fuel ($/MM Btu) — The user gives cost of fuel expressed in terms of
$/MM Btu. The cost should include all charges related to use of fuel at “the
burner tip”. This value can be obtained directly from monthly or annual gas
bills. It is often stated as a line item on the bill. If the bill does not specifically
mention the gas cost then it is necessary to calculate average cost of fuel by
using values of total fuel cost and annual fuel used.
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If necessary, contact the fuel (natural gas) supplier or distributor for more
information.

Line 28 — Annual fuel cost savings ($/year) — This is a calculated value based on data
given in lines 26 and 27 above.

Line 29 — Cost of water and chemicals for makeup water ($/gallon of water) — Give cost
of water and chemicals used for water treatment plus any other water treatment
related cost to allow calculations for related cost savings.

Line 30 - Total cost savings ($/year) — This is a calculated value based on data and
calculations in lines 28 and 29 above.

Line 31 - Cost of implementation ($) — The cost to implement blowdown reduction
systems.

Line 32 — Payback period (months) — The amount of time required for the payback of
initial cost.

Line 31 - Reduction in CO, emissions (tons/year) — These savings are calculated based on
annual fuel savings, assuming the fuel used is natural gas. The savings are in
Short (US) tons, not in Metric tons.

Line 32 - Water savings (Gallons/year) — This is a calculated value based on data given in
lines 13 and 25 above.
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Appendix 1

Steam Tables

The following link will allow the user to calculate steam
properties

If necessary please copy and paste this link to your Internet browser

http://www.spiraxsarco.com/us/resources/steam-
tables.asp

Definition of Steam Properties

* p— Pressure (psia)

« T-Temperature (deg. F)

« v - Specific volume (ft*3/lbm)

* u— Internal energy (Btu/lbm)

« h - Total enthalpy or heat (Btu/lbm)
« s— Entropy (Btu/Ib-F)

The saturation temperature is shown with each pressure in red.
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Superheated Water [H20} Table
deg-F ®3bm  Biulerm  Biulbm BWIBM fagbm Biuibm Btulbm  BWIBM o fa3ibm Btudbm Btudbm  EBtudom

T p="1.0psia{101.70F) p=50psia(162.21F) p="10.0 psia (193.19 F}
v i il 5 Vv i fr 5 v u h 5
Sat. 3336 10440 11058 19779 7353 10630 11310 1.844 3842 10722 11433 17877
200 3925 10775 11501 20508 7815 10763 11486 18715 3BA5 10747 1466 17927
240 4164 10912 11683 20775 33.00 10903 11671 1.8987 41.32 10B9.0 11855 1.8205
280 4403 11050 11865 21028 4782 1042 11855 109244 4377 11033 11843  1.8467
3zo 4642 11189 12048 21269 9264 11183 12040 19487 46.20 1176 12031 18714
300 4381 11328 12232 21300 9745 11324 122246 19719 46,62 11318 12218 13948
400 511.9 11470 12418 21720 10224 11466 12412 1.994 51.03 1461 12405 19171
440 5358 11612 12604 21932 107.03  1160.9 12599 20154 5344 1605 12593 19385
500 5715 11428 12885 20718 11420 118285 12837 20458 5704 MMB22 412377 41.9890
600 6311 12193 13361 23706 12615 12191 13358 20930 63.03 12189 13355 20164
700 6807 12567 13845 23142 138.08 12565 13843 211367 60.01 12563 13340 20601
G0o 7503 12949 14337 23550 130,01 12947 14335 21775 7428 120406 14333 211009
1000 8095 13739 15348 24294 173.86 1373.9 15347 22520 86.91 1373.8 15346 21755
1200 9858.6 14567 16396 249467 197.70 14566 1539.5 23192 9634 14363 16394 22428
1400 1107.7 13431 17481 25534 221.54 13431 17431 23810 1076 19430 17480 23045
r p=14.596 psia (?11.99 F) p=20psia(227.96 F p =40 psia (267,26 F)
v u h 5 v u ] g v o h g
Sat. 2680 10776 11505 17567 20.09 10220 11564 17320 10501 10023 11700  1.676BT
240 20.00 10879 11640 17764 2047 10865 1622 17405
280 29.69 11024 11831 15030 2173 1M014 1818 17676 10711 1097.3  1176.6  1.4857
320 3136 1118.8 12021 1.8230 2293 1116.0 12070 17930 11.330 11128 11969 17124
360 3302 M2 12200 18516 2427 1308 12201 1.8168 11996 11280 12168 1.7373
400 3467 11456 12389 1874 2543 11451 12392 18305 12623 1430 12364 17606
440 36.31 11601 12588 12956 26.64 11506 12582 1.8A11 12243 11578 12558 17828
500 3377 118418 128732 19263 2346 11315 12868 18019 14164 11BO1 12340 18140

600 4286 12186 13352 19737 3147 12184 13348 19385 15685 12173 13334 1.8621



Reduce Boiler Blowdown Water

700
300
1000
1200
1400
1500

Sal.
320
360
400
440
500
300
700
300
1000
1200
1400
1500
1300
2000

p="14.59G psia (211.99F)

v u N
46.93 12561 13834
51.00 12944 143341
5913 13737 15345
6725 14565 16391
636 15430 17479
B347 18332 18602

p=G60psia({292.73F)

¥ u fr
7ATY 10983 1178.0
7485 11095 11926
7924 112683 421213
B351 11408 1233%
B7TE  1156.0 12534
9399 11786 12830
10425 12163 13321
11440 12544 13814
12448 12930 14312
14454 13727 153332
16.452 14558 1538%
16,445 15425 7472
2044 15328 13597
2243 17260 19755
2447 18240 208981

5
20175

20584
21330
22003
22621
23104

1.6444
16634
16803
17124
1.7360
1.7678
18163
1.8609
19022
1.9773
20448
21067
21641
22178
22685

p=20psia(227.96F

Vv 1] i)
3447 12559 138315
3746 12043 14329
4344 3715 15343
4941 14564 16392
B5 3T 15429 174749
61.33 163312 18601

p = 80 psia (312,07 F}

v u h
5474 11026 11836
5544 17060  11B8.0
BE8RE 11225 12007
6217 11245 12306
5541 11542 12510
017 MyiZ2 12614
TF9d4 12153 13307
85961 125316 13603
9321 12024 14304
10831 13723 453%6
12333 14555 162341
13830 15423 47470
15324 16326 18595
16.818 17265 19755
18310 18239 20049

5
1.8834

20243
20939
21663
22231
22854

16214
1.6271
1.65441
1.6790
1.7022
1.7346
1.7838
1.8285
1.8700
1.8453
20130
20749
21323
218591
22367

p=40 psia (267.26F)

v u h 5
17196 12551 13824 1.9063
18701 12937 14321  1.9474

2170 13731 15338 20223
2469 14561 16389 20897
2768 165427 17476 21515
3066 1633.0 1859.9 22080
g =100 psia [327.56 F)
¥ u f 5
4434 11058 1187.8  1.6034
4682 11197 120659 A.6250
4034 11262 12276 1.6517
E199 11523 12485 1.6755
5587 MMF5.7 127941  1.7085
6216 12142 13293 17582
6834 12528 13792 1.8033
7445 12918 14296 18440
8657 13719 15324 1.9204
9861 14552 1637.7 1.4882
11.050 5420 17467 2.0502
12257 16324 18593 21076
13452 17264 19753 21614
14647 18237 20948 221N



Reduce Boiler Blowdown Water

7 =120 psia (341,30 F) =140 psia (353.08 F) =160 psia (363.60 F)
v U h 5 v /] ] 5 v u h 5
Sat. 3730 110B3 11911 1.5880 3.221 11103 11938 1.5791 2,836 11120 11960 1.5651
260 1p44 1167 12020 16021 3.259 11135 11980 1.5812
400 4079 11238 12244 16288 3.468 11214 12212 16088 1007 11288 12978 15911
450 4360 115432 12512 1.6590 3913 115624 12426 1.6200 31238 116805 12461 1.6230
500 4633 11742 12771 1.6868 3.952 11727 13751 1.6682 1.440 11712 12730 1.6518
550 4800 11938 13026 1.7127 4184 11926 13009 1.6944 1,646 11913 12992 1.5784
GO0 5164 12132 13278 1.7371 4412 12121 13264 17191 1.545 12111 13250 1.7034
700 5.0682 12520 13782 1.7825 4.460 12512 13771 1.76438 4243 12504 13760 174894
200 6.195 12912 14287 18243 5.301 12905 14279 1.BOE3 4 631 12399 14270 17916
1000 7.208 13715 15215 1.9000 6.173 13710 18310 1.B837 5397 13706 15304 1.23677
1200 2213 14549 16373 1.9679 7.035 146486 16359 1.D507 6154 14643 16365 19388
1400 9.214 15418 17454 20200 7.895 152416 17451 20129 6.906 15414 17459 19940
1600 10.212 16323 18590 20875 8.752 16321 18538 20704 7.656 16319 18586 20555
1300 11.209 17262 19751 21413 9.607 17261 19750 21242 4,405 17259 1974383 21094
2000 12206 18235 20945 21919 10451 18235 20945 21749 9183 18233 20943 21601
7 p =120 psia (37313 F) p =200 peia (321.96F) p=225 psia (301.27 F)
Vv u h 5 v u b 5 v u h 3
3at. 2533 11134 11978 1.5853 2.289 11146 11993 1.5464 2.043 11158 12008 15365
400 2648 11262 12144 1.5748 2.361 11235 12108  1.53600 2073 11189 12062 1.3427
450 2.850 11485 12434 16073 2543 11454 12407 1.5938 2245 11438 12373 15779
00 3042 11686 12708 18372 2724 11680 12688 1.6239 2405 11659 12661 15087
550 3228 11900 12975 1 G642 2893 11887 12957 165712 7588 11870 12935 16366
oo 2400 12100 12235 16803 3058 12029 131221 16767 2707 12075 13202 16624
700 3763 12405 13749 17357 3.379 12428 13738 17234 2905 12477 13724 17095
z00 4110 12893 14262 17781 3693 12886 14253 1.7660 1276 12878 14242 17523
gop 4453 13204 14777 1.8175 4003 132389 14771 1.B0SS 31553 13263 14762 1.7920
1000 0 4793 13¥D2 15298 1.5545 4310 13698 15293 1.B425 1827 13593 15286 1.8292
1200  S5.467 14540 16360  1.9227 4813 14537 16357 1.9109 4 369 14534 16353 1.3977
1400  BA3F 15412 17456 1.9849 551 15409 17453 1.0732 4 906 15407 17449 19600
1500 G804 16317 18524 20435 6.123 16216 18882 20308 E441 162132 18879 20177
1500 7470 17258 19746 20964 §.722 17256 19744 20847 5975 17264 19742 20716
2000 2 B.135 18232 20942 21470 7.321 18220 20940 21384 6507 18229 20938 21223



Reduce Boiler Blowdown Water

Sat.
450
300
550
ano
650
700
200
200
1000
1200
1400
1600
1300
2000

Sat.
450
500
5560
500
650
700
300
ano
1000
1200
1400

1500
1300

p =250 psiz (401,04 F)

v u h
1.8448 11687 12021
2.002 11411 13337
2.150 11638 12633
2.290 11853 12913
24205 12061 13183
2558 12265 13449
2 688 12457 13711
2.043 12870 14232
3.193 132786 14753
2.440 13687 15279
3.929 14530 16348
4414 15404 17440
4395 16311 18576
5376 17252 19740
B.8455 18227 20026

p =350 psia (431.82 F}

v u f

13267 1119.0  1204.9

13733 1282 12182

14913 11548 12515

15398 11782 12818

17025 12003 13106

18013 12216 13363

18375 12425 13654

2085 12838 14184
2267 13250 14718
2446 13666 15250
2798 14515 183248
3.148 15383 17431
3494 16302 18565
3838 17245 19731
4182 18220 20928

S

1.5374
1.5632
1.5848
1.6233
1.06494
1.6739
1.6970
1.7401

1.7799
1.8172
1.6858
1.8453
2.00680
2.05499
2.1106

1.4374
1.5125
16482
1.57910
1.6068
1.6323
1.6562
17004
1.7409
17787
1.8474
1.9106
1.968%
20225
20733

p =275 psia (409,52 F)

16813
1.4028
1.9407
2071
2.196
237
2436
2670
2498
1124
1.570
4011
4.450
4887
5133

T}
1117 5
11383
11617
11683.6
12047
12253
12457
12862
1327.0
13682
1452.3
15401
16309
17250
182256

h
12031
1230.0
12604
1289.0
13164
13432
13697
14221
14745
15272
1634.3
1744 2
1857 .3
19737
20834

=400 psia (444.70 F)

¥

1.1620
11745
12843
1.3833
1.4760
1.5645
1.6503
1.8163
1.9778
21360
24460
27520
3.0550
3.3570
3.6530

u
1119.5
11228
1150.1
1174.6
1197.3
1219.1
1240.4
1282.1
13237
1365.5
1450.7
1538.7
1629.8
1724.1
18271.6

fr
1205.5
1209.6
1245.2
12770
1306.6
1334.9
1362.5
1416.6
1470.1
1523.6
1631.49
1742.4
1855.9
19726
2092.4

g
15182
1.5485
1.5820
1.6110
1.6376
1.6623
1.6856
1.72E0
1.7689
1.6064
1.8751
1.8376
1.9954
20493
21000

1.43354
1.4901
158282
1.5605
1.8892
1.6153
1.8357
1.60544
1.7252
17632
1.8327
1.8956
1.8535
20076
20384

p=7300 psia (417.43 F)

v o
1.5442 11182
1.6261 11364
1.7662 11595
1.8673 11819
2.004 12032
21T 12241
2227 1244 6
2442 12864
3 6R3 13263
2.860 13677
31270 14522
31675 1539.8
4078 16307
4479 17249
4879 18223
p=4350 psia

v u
1.0326 1119.6
11226 11461
124146 70T
12996 11943
1.3803 12166
14580 12382
1.607T 12805
17524 13224
1.8941 13644
24720 14500
24440 15381
27150 1629.3
29830 17237
32510 18213

h
12029
12262
12575
12667
13145
13415
13683
14210
14726
15265
16338
17438
18570
19735
20022

(456.39 F)

h
1205.5

12345
1271.9
13025
1331.5
1359.6
1414.4
1468.3
15222
1630.8
17417
1855.4
1872
20820

s
15115
15365
1.571
1.5997
1.62606
1.6516
16751
17187
1.7589
1.7964
1.8653
1.9279
1.9857
20396
2.0904

14746

15087
1.5436
1.5732
1.6000
1.6244
1.6701
17113
1.7495
1.6192
1.8822
1.9403
1.9844
20433



Reduce Boiler Blowdown Water

r p = 500 psia (467.13F) p =600 psia (4B6.33F) p =700 psia {503.23 F)
v u fr 5 v u fr E v u h 5

Sat. 09283 11194 12053 1.4545 07702 11186 12041  1.4464 06538 1117.0 12020 1.4305
500 09924 11397 12315 14923 0.7947 11280 12162 14592

550 10792 1667 12666 15279 08749 11582 12554 14900 07275 11490 12432 14723
500 11523 119411 129283 1.6585 00456 11846 12206 1.6320 07929 117756 12802 1.5081
B850 12327 12140 13280 165860 1.0109 12086 13209 158609 08520 12031 13134 15387
700 13040 12360 13567 16112 1.0727 12315 13506 1.5872 09073 12269 12444 15651
300 14407 12788 14121 16571 11900 12754  1407.6  1.6343 1.0109 12720 14029 1.6145
200 15723 13210 14665 16987 1.3021 13184 14629 16766 110869 13156 14593 1.6576
1000 17008 13633 15207 17371 14108 13612 15178 17155 1.2036 13589 15149 16970
1100 18271 14060 15751 19731 15173 14042 15727 17519 1.2960 14024 15702 17337
1200 10518 14402 16208 1.8072 1.6222 14477 16278 17861 1.2868 14462 162582 1.7582
1400 21980 15376 17410 18704 1.8239 15365 17305 1.8407 16652 15353 17381 1.8321
1500 24420 16289 195448 19205 20330 1628.0 18537 1.9080 1.7409 16271 18526 1.8908
1300 26840 17233 19717 1.9827 22360 17224 1970.8 1.9622 19152 17218 19699 1.9449
2000 29260 1B209 20916 20335 24330 18202 20908 20131 20887 18195 20901 19953
T p =800 psla (518.36 F) p=1000 psia (54475 F) p=1250psia (57256 F)

v u h 5 v ] h 5 v u h 5

Sat 05591 11450 11993 14160 04459 11099 11924 1.3903 03454 11017  11B16  1.2619
550 06154 11388 122090 1.4469 04534 11148 11947  1.30G¢

500 06776 11701 12704 1.4861 05140 11527 12488  1.4450 03786 1129.0 12166 1.3954
G50 07324 11972 13054 15188 05637 11847 12891 14822 04267 11672 126060 14410
700 07829 12221 13380 15471 06080 12120 13248 15138 04670 11284 13064 14757
750 DB306 12457 13686 15730 06490 12372 13573 15412 05030 12261 13424  1.5070
300 08764 12685 13987 15469 06878 12612 13885 156664 05364 12518 13758 1534
00 09540 13429 14556 1.6408 07610 13073 14481 16120 05984 13000 14384 1.5820
1000 10422 13667 15119 1.6807 08208 13522 15050 1.6520 06563 12464 14092 1.6244
1100 11300 14005 15678 17178 068976 139648 15629 1.6008 07116 13920 15566 16631
1200 12102 14440 16238 17524 09630 14415 16197 17281 07632 14375 16145 1.6991
1400 13574 13342 17366 1.8167 1.0905 15319 17337 17909 08689 15290 1730.0 1.7643
1300 15218 16262 18515 1.8754 1.2152 16244 183493 1.8499 09639 16222 18465 1.8243
1300 16749 17210 1969.0 1.9293 1.3384 17195 19672  1.9044 1.0693 17176 19650 1.8791
2000 18271 1Bi668 20893 19808 14608 18174 20877 19557 11678 18157 20858 1.9304

VI



Reduce Boiler Blowdown Water
r p = 1500 psia (596.39 F) p= 1750 psia (617.31 F) p = 2000 psia (636.00 F)
v u i 5 Vv ] f 5 Vv u n 5
Sat 02769 10918 MGET 13359 02268 10802 11537 13104 018813 10666 11363 12861
G600 022816 1D9EE 11748 13416
660 03320 11470 12304 14042 02627 11225 12076 1.3501 02057 10011  11B72 3144
700 03716 118324 42866 1.4429 03022 116687 126468 14106 02487 11477 12388 1.3782
750 04049 12141 13265 14767 03341 12013 13095  1.44B5 02803 11873 12011 14216
300 04350 12418 13625 15058 03622 12313 13488 1.4802 03071 12201 13318 1.4552
850 04531 1267.7 13962 1.5320 03874 1258.8 13844 1.5081 03312 12495 13720 1.4850
a00 04897 12925 14285 15562 04119 12848 14182 15334 03534 12768 14076 15126
1000 05400 12404 140031 16001 04560 13343 148231 -1G7RYG 032045 13281 14741 1.65508
1100 05376 13872 455031 1.6399 0.4990 43822 45438 46107 04325 13772 15372 AE0MT
1200 06334 14335 11609.1 1.6765 05392 14294 1504.0 A1.6571 04685 14252 15086 -1.6398
1400 07213 15261 17263 1743 06158 15231 17226 1.7245 05368 15202 47188 1.7082
1600 08064 156199 18437 1.8031 06896 1517.8 1841.0 1.7550 06020 16154 158382 1.7892
1300 08899 17157 19627 1.8582 0ye1? 17138 19608 .8404 DEBSG 17120 19583 1.8249
2000 09725 18140 20839 19096 08330 18123 208320 18914 07284 18106 20B0.2 18765
v p= 2500 psia (B62.31 F) p = 3000 psia (9552 F) o =3500 psia
v u ] g W u h = v u h g
Sat 0.13059 1D031.0 10914 12327 0.08404 968.8 10ME5 11575
650 0.02491 663.5 679.7 0.8630
700 0.16339 1D%&7F 11766 13073 009771 10038 10381 11944 0.02055 733.5 ¥r3.3 08506
750 02030 11552 12491  1.3586 014831 11147 11971 13122 0.10460 1058.4 1261 1.2440
200 02291 11957 13017 14112 017572 11676 12652 13675 013626 11347 12230 13226
250 02512 12205 13468 14456 019731 12077 13172 1.408B0 0.152128 1834 12BEQ 13716
200 02712 12585 13854 1.4752 02460 12418 43617 14414 017625 12224 13365  1.4096
950 02896 12882 14222 15018 02328 12727 14020 14705 0.19214 1256.4 13808 14416
1000 03069 13152 4572 15262 02485 13017 14396 14957 02066 12876 14214 1.4599
1100 03393 13868 15234 15704 02772 13582 15101 1.5434 02328 13452 140480 1.5193
1200 03596 14167 15877 16101 03036 14080 15766 1.5844 02566 13992 15653 15624
1400 04261 15142 17113 16304 03524 15081 17037 16571 02997 15019 16961 1.B353
1600 04705 16102 18328 17424 02978 18DA3 182741 17201 03205 16017 18218 17010
1804 05312 1708.2 19540 1.7986 04416 17045 19486 1.77E9 03776 17008 19454 -1.75821
2000 05820 18072 20764 1.8506 14844 18039 20728 1.6204 04147 18006 20692 A1.8108
T p = 4000 paia o= 5000 psia p = 6000 psia
v I} f1 5 v u fr 5 v u h 5
G50 0.02447 BS7.7 6758 08574 002377 G48.0 G70.0 08482 0.01222 640.0 6658 08405
700 0.02567 7421 o34 09345 0.02676 721.8 746.6 0.9156 0.02563 708.1 736.5 05023
750 0.06331 D607 40075 11305 0.03364 2214 3526 1.0049 0.02a974 TRAG 82417 0974k
200 010522  1DOE0 1720  1.2740 0.05032 0372 10421  A1.15B3 0.02042 206.9 040.7 1.0702
250 012832 11665 1251E 1.23532 0.08656 10027 1174.9 1.25D% 0.05812 10188 0B34 1.1820
200 014522 12015 13097 1.3789 010385 11551 12511 1.3190 0.07588 11029 11872 12599
950 016151 12382 13588 14144 011853 12022 13113 1.362% 0.02006 115620 12620  1.3140
1a00 0AT320 12728 14026 1.4449 013120 12420 13634 1.3983 010207 12081 13224 1.3561
1100 019954 13339 14816 14973 015302 13106 14522 14577 012218 12864 14221 14222
1200 02213 13001 415530 15421 047199 13746 15308 -.60EE 0.12027 43527 16073 1.4752
13200 02414 14437 16224 1.5821 012018 14296 16037 1.5403 0.16452 141313 16B4.0 1.5208
1400 02502 14957 15884 16188 020517 14832 16710 A1.587E 0.16854 14705 16576 1.5608
1500 02359 15971 18161 1.5841 02348 15679 18052 1.8551 018420 15787 17943  1.6307
1300 03296 16971 19411 1.7420 02626 16894 19327 17142 0.21801 16824 19245 1.6910
2000 03525 1797.3 20656 1.7943 02895 17908 205386 .767G 0.24087 17843 205717 1.7430

Vil



